In post-disaster emergency shelter aid, various relief agencies and other actors with different backgrounds need to cooperate in a tremendously short amount of time and under very different circumstances. In this article, we describe a research project that develops and tests a new approach in which the demands for shelters in a specific situation are methodically connected with available, innovative and sustainable shelter solutions, a DSS (decision support system). The DSS is a digital tool that translates the gathered evidence on needs, solutions and location including long-term effects of shelter provision into advice for the provision of sustainable, integral broader shelter solutions and designs. The outcome is a set of characteristics for a DSS for the provision of on-demand emergency shelters. A DSS that meets these characteristics leads to the provision of sustainable shelters that meet the needs of the users and, therefore, have higher performance in long term.
Introduction


Post-Disaster Shelters
Relief organizations including the International Red Cross and the UNHCR (United Nation High Commissioner for Refugees) have recently expressed a need for more variety when choosing shelters in the immediate aftermath of a disaster (Geneva, shelter meeting 2009 and 2010). When choosing or designing a post-disaster emergency shelter in a post-disaster emergency operation project, it is essential to connect the needs with the available shelter solutions and innovations for post-disaster emergency shelters in a specific situation. There is a need for on-demand provision of post-disaster emergency shelters and shelter items. Lessons learned from the earlier experiences and the earlier performed post-disaster shelter relief, accurate evidence gathering, assessments and the understanding of the whole process play an important role in this complex and hectic process.
Decision Tool
The increasing emphasis on innovation, resilience and preparedness in humanitarian actions, and the need for optimal intersectoral communication, lead to new approaches where data gathering and data analysis become major elements that affect the results of relief activities [1] .
The recent initiatives to gather data on the needs directly from the beneficiaries after a disaster, using mobile phones, is an example of the inevitable role of new technologies in post-disaster emergency aid. Mobile phones are currently used by the beneficiaries to communicate the available solutions, to find one another and to communicate the needs. The LMMS (last mile mobile solutions) initiative uses mobile phones for gathering data and for training.
Connecting the gathered data to the available solutions for providing tailored aid (shelter) can be realized with a DSS (decision support system). The DSS is a tool that can function within a framework with performance standards. The needs are to be systematically connected to the available solutions. Objective decision making can be facilitated to enable the beneficiaries and the shelter experts, to choose the In addition, using the DSS addresses the transparency and accountability in post-disaster emergency aid that leads to a more sustainable process of shelter aid.
Investigation of the possibility of using a systematic method, such as a DSS, for providing on-demand shelters in immediate post disaster, can result in more sustainable post-disaster shelter designs, as tailored solutions mean less waste, optimal use of energy and materials and less transportation costs.
Sustainable Post-Disaster Emergency Shelters
Needs and Solutions
Stainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs according to the report "Our Common Future" [2] .
According to Corsellis and Vitale [3] , a "shelter" is a habitable covered living space, providing a secure and healthy living environment with privacy and dignity to those within it. In specific case of post-disaster shelter aid, in many occasions, the shelters are used for years, even for generations, while according to the international protocol, maximal use of an emergency shelter ought to be between 18 and 36 months. The necessity of semi-permanent shelters is indicated by experiences as in Darfur and Bam. In addition, the transformation of the emergency shelters into transitional and permanent habitats leads to more sustainable shelters and optimal use of materials.
Long-Term Effects of Post-Disaster Emergency Aid
Interviews with relief specialists as Graham Saunders, head of the IFRC (International Federation of Red Cross and Red Crescent Societies) and United Nations, report as Pakistan 2004 earthquake suggests that the first 24 to 48 h are crucial for saving lives. Enduring 24 h without shelter can be life-threatening in extreme climatic conditions, which may include severe cold, high altitudes, extreme heat or exposure to dust storms. For a large-scale emergency, shelters are often delivered internationally from pre-positioned stockpiles. In the first week, aid packages including shelter items are requested based on initial assessments and consultation. A pipeline for aid is then set up. Immediate needs are to be met in this phase.
The shelters provided in the immediate phase after a disaster (post-disaster emergency shelters) have long-term effect on the living conditions. The recent focus on the long-term effects of shelter and the strategy of using disasters as opportunities to improve people's living conditions in a sustainable manner has resulted in greater emphasis on transitional housing solutions [4] .
We need to bring together needs and solutions in the immediate aftermath of a disaster, in a manner that the long-term effects are positive, to provide sustainable post-disaster shelters. Implementing the local and the proven solutions can contribute to more efficiency and optimal post-disaster emergency shelter aid [5] . Post-disaster emergency shelters meet the immediate shelter needs of the beneficiaries. However, the provided aid can have impact on the long-term way of life of the receiving community [6] . Examples are the introduction of solar lanterns, green sanitation facilities and awareness of how to cut wood for cooking without destroying the forest [7, 8] .
The ability to provide optimal and immediate post-disaster shelter while, simultaneously, taking into account the long-term effects and factors such as sustainability, cultural acceptance, costs reduction and interaction with beneficiaries are to be incorporated in the DSS. The emphasis is on meeting the immediate needs and respecting human dignity in a hectic situation [9] . In addition to advice for the optimal shelter, the DSS produces a final report of the offered shelters.
Data/Evidence
The current DSS provides three chapters:
(1) problems caused by the disaster;
(2) general advices as: earlier disasters/lessons learnt/advice in shelter related sectors; (3) report of the provided shelters-shelter advice including the costs.
Shelter Solutions
Sustainable Post-Disaster Emergency Shelters
Regarding the total shelter solutions, when a suitable shelter program/project is not available, an innovative design can be suggested by the DSS. 
Meeting the Standards
Around 2000, the criticism from the donating population on the spending and quality of shelter relief after disasters began to rise. The suggestions were made that the assessments made by relief specialists in occasions exaggerated the amount of beneficiaries and resulted in exaggerated amount of needed relief items including shelters. Lack of transparency and accountability resulted in rising of the assumptions of possible corruption in the relief system. In addition, the provided aid, including shelter aid, did not meet the needs of the beneficiaries.
In response, the UN Under-Secretary-General for Humanitarian, Affairs Jan Egeland, commissioned the HRR (Humanitarian Response Review) in 2005 to address failures in the international response to humanitarian crises. The review [11] found that the performance of the UN humanitarian coordination structure depended too much on the personal qualities and diplomatic skills of the resident coordinator/humanitarian coordinator and that the speed, quality and effectiveness of humanitarian responses were inadequate and that no common basis existed for assessing and comparing levels of need. Funding levels and methods were also found to be inadequate. The HRR report aimed to address weaknesses relating to accountability, predictability and reliability by the cluster approach. Organizations were nominated to act as leaders in areas where humanitarian response gaps had been identified. Under this approach, these organizations would then become responsible for specific areas or clusters.
Following the recommendations of the review, the cluster approach was proposed as a way of addressing gaps and strengthening the effectiveness of humanitarian response through building partnerships. Moreover, the cluster approach aims to ensure predictability and accountability in international responses to humanitarian emergencies by clarifying the division of labor among organizations and better defining their roles and responsibilities within the different sectors of the response. It is about making the international humanitarian community more structured, accountable and professional, so that it can be a better partner for host governments, local authorities and local civil society. The IASC (Inter-Agency Standing Committee) has designated global cluster leads in 11 areas of humanitarian activity.
Next to the cluster approach, the report suggested to provide humanitarian coordinators, who are selected and trained well in advance of their assignment, with the appropriate tools in order for effective systemic coordination to become the norm. UN relief organizations and specialists acknowledge that adequate shelter is vital for saving thousands of lives. In most cases, financial resources are the decisive factor determining the quality and quantity of the available shelters.
The first initiative for standardization of sheltering process, the sphere, was launched in 1997 by a group of humanitarian NGOs and the Red Cross and Red Crescent movement. They formulated a humanitarian charter and identified minimum standards to be attained in disaster assistance, in each of five sectors of aid: water supply and sanitation, nutrition, food aid, shelter and health services. This process led to the publication of the Sphere Handbook in 2000. The Sphere Project is a voluntary initiative that aims to improve the quality of humanitarian aid and the accountability of humanitarian response. The Sphere Project was to develop a common framework and improve accountability for humanitarian aid. The Sphere Project is continuously being up to dated and developed. The humanitarian community mostly uses Sphere standards inconsequently. In some cases, Sphere indicators and standards have been dismissed, as in case of Pakistan where relief organizations decided that "Sphere standards could and would not be met". An insufficient shelter supply was the motive not to meet the Sphere-approved quality levels in order to provide aid for more affected population.
Currently, various guidelines for shelters are available. Each organization has specific standards as the UNHCR Handbook and the IFRC Catalogue.
To provide on-demand post-disaster shelters, tailored for each situation, and to meet the needs of the beneficiaries, we need performance standards in addition to the general basic and product standards formulated within the Sphere Project and the available handbooks.
In the complex environment of post-disaster shelter relief, the task of creating optimal designs needs a systematic framework. The framework should take the following aspects into account:  context-sensitivity;  crisis-sensitivity;  "performance standard" paradigm. Performance standards lead to flexible design environment that leaves room for flexible sustainable shelter designs [10] .
On-Demand Sustainable Post-Disaster Emergency Shelters
Designing a post-disaster emergency shelter with the aid of a DSS needs adaptive design thinking. The basic design is to be flexible.
For this reason, we developed a basic design for a sustainable shelter that can be realized using the parameters of a DSS and can be adapted to each specific situation with the aid of the DSS. A central column in the shelter can include additional part solutions as energy, water and sanitation. Fig. 2 illustrates two possible shapes of the designed shelters. The frame and the central column provide a freedom for designs and flexibility to create culturally accepted shapes for the shelters. This means more acceptance and longer use of the shelters, thus, more sustainable shelters. n needs and for tailored erialized with ach will lead solutions that ost (Fig. 3) . ce regarding mum will be ig. 4 an be adapted t the mainte ntly. Fig. 6 creation of the DSS, a flexible framework and a reliable and secure infrastructure are needed for a DSS that will be used by the involved parties. According to our findings, a DSS that meets these characteristics leads to the provision of shelters that meet the needs of the users and, therefore, have higher performance in long term.
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The DSS is a digital tool that translates the gathered evidence on needs, solutions and location including long-term effects of shelter provision into advice for the provision of sustainable, integral broader shelter solutions and designs and produces reports.
The current DSS that is a prototype needs to be optimized and further developed, in cooperation with the users, e.g., the beneficiaries, the shelter experts, the designers, and suppliers.
In decision making, when choosing post-disaster shelter items, as well as designing post-disaster shelters, a more integral viewpoint and constantly tuned data result in better decisions or designs. In the specific case of post-disaster emergency shelters, an integral approach from clothing and sanitation to water, energy and construction results in more tailored solutions, which can save time, costs and, as a result, save more lives. As, for instance, in cold climates, providing hats/winter-caps can result in less need for heating in the shelter. There is a need for a design for a tool that can provide uniform advice for tailored, on-demand integral combination of the available preferably local shelter solutions.
Decision support systems are known tools in aviation and as design tools. In post-disaster emergency aid, however, such a tool does not exist.
This research project presents a set of characteristics for a DSS for on-demand post-disaster emergency shelter aid. The optimal DSS for post-disaster emergency shelters has the ability to provide uniform advice.
In addition to a flexible framework, an adaptive way of thinking by the relief specialists is needed to provide on-demand post-disaster shelters. The pipelines that are currently set up and are seen as a routine are to be re-thought. In addition, relief specialists may need time to get used to a new approach. The DSS can be used as a training tool, as the DSS can make a selection from the existing solutions.
The optimal DSS can make a selection of existing shelters based on relevance to the situation: ranking in the needed specifications, the priorities of the users as indicated in earlier steps. From the most suitable shelters, the cheapest or the fastest options can be selected. The cheapest and the fastest solutions will be specified by the amount of time and the difference in price. The user can choose the desired balance between time saving and optimal pricing using this information.
A set of rules has to be created in addition to the current rules. The system has to check the percentage of requirements that a shelter meets according to the selection rules. If a shelter fits for 99%, and if no solution fits for the full 100%, or if the shelter is significantly cheaper than the one with the full 100%, then the shelter will appear in the solutions screen. The user can decide whether some requirements are too important to ignore or to accept the shortcomings of a certain shelter. As the DSS provides the possibility to return to earlier steps, the user can choose to return to previous steps and adjust the needed shelter specifications or continue and follow the advice provided by ranking.
In both cases of choosing from the existing solutions or designing on-demand shelters, the DSS needs data accuracy, data security, securing objectivity and transparency as well as infrastructure reliability and accessibility.
The tests in this research project indicate that participation of the users in the creation of the DSS, a flexible framework and performance standards, are needed for a DSS that will be used by the involved parties.
The optimal DSS is a digital tool that translates the gathered evidence on needs, solutions and location including long-term effects of shelter provision into advice for the provision of sustainable, integral broader shelter solutions and designs.
The ability to produce final reports is a key factor to provide transparency and to save time. The purchases and motivation for decisions are presented in the final report automatically.
The necessity of standards for stimulating transparency and exchangeability in the sheltering process and, therefore, increasing the efficiency of the shelter relief is recognized by the international community. However, standards are yet to be formulated in a way that stimulates innovation, flexibility, market transparency and improves the compatibility of various systems.
A post-disaster emergency shelter is more than a roof above the head. Aspects as camp design, rubble management, waste management and logistics are to be encountered in the design and selection process of a post-disaster emergency shelter. The DSS can provide assistance to the experts in the field and cannot replace relief specialists.
